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electronvolts) Indicates the existence of the so-called PeVatrons—cosmic-ray
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factories that accelerate particles to PeV energies. We need to locate and identify such
objects to find the origin of Galactic cosmic rays'. The principal signature of both
electron and proton PeVatrons isultrahigh-energy (exceeding 100 TeV) y radiation.

LHAASO Source
LHAASO J0334+2202
LHAASOJ1825-1326

LHAASO 11839-0545

LHAASO 11843-0338

LHAASO J1849-0003

LHAASO J1908+062 1

LHAASO 1192941745

LHAASO J1956+2845

LHAASO J2018+3651

LHAASO 12032+4102

LHAASO 210845157
LHAASO 1222646057

Possible Origin
PSR J053442200
PSR J1826-1334
PSR J1826-1256
PSR JIR37-0604
PSR J1838.0537
SNR G28.6-0.1

PSR J1849-0001
W43
SNR G40.5-0.5
PSR 190740602
PSR 190740631
PSR 1192841746
PSR 11930+ 1852
SNR G54.140.3
PSR 1195842846
SNR G66.0-0.0
PSR 1202143651
Sh2-104
Cygnus OB2
PSR 203244127
SNR G79.8+1.2
SNR G106.342.7
PSR 12229461 14

Type Distance (kpe) Age (kyri® L, (erg/s)*  Potential TeV Counterpart

PSR 2.0 126 1.5 % 10% " Crab, Crab Nebula

PSR 31027 214 2.8 % 107 -137. HESS J1826-130,

PSR 6 144 3.6 > 10" 2HWC J1825-134

PSR 48 338 20 10% 2HWC J1837-065, HESS J1837-069,

PSR 1.3¢ 1.9 6.0 1% HESS J1841-055

SNR 06 =03 T HESS J1843-033, HESS J1843-030,
2HWC J1844-032

PSR 7 43 0.8 % 10 HESS J1849-000, 2HWC J18494001

YMC 55"

SNR 14 10 - 20 MGRO J1908+06, HESS J1908+063,

PSR 24 19.5 28 % 10™  ARGO J1907+0627, VER J1907+062,

PSR 4 1.3 3 105 2HWC 19084063

PSR 6 826 L6 > 10% 2HWC 119284177, 2HWC 11930+ 188,

PSR 62 29 125 10 HESS 119304188, VER 1194+ 188

SNR 6.3 8- 3.9

PSR 0 217 34 10 ZHWC 119554285

SNR 23+ 0.2

PSR LaxT 17.2 34 % 10% MGRO J2019+37, VER J20194368,

HIIYMC 1.3 + 0.8"/40 4 0.5 VER J2 71
YMC 1.40 £ 008 TeV 4130, ARGO 1203144157,
PSR 1.40 + 0.08 201 15 % 0% MGRO J2031441, 2HWC 120314415,
SNR candidate - — — VER J20324414
SNR 08 ~ 107 = VER 122274608, Boomerung Nebula
PSR os” {1 22 x 10

v 100 TeVH=ZholeD(&(EEAEPWN?
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[Aharonian+2008, Hanabata+2014]
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=HE9 3Kk SNR HBO (G160.9+2.6)

6600F (Sedov4E#). XKAEXTOEERE 0.8+0.4 kpc [Leahy & Tian, 2007]

FIR1 Fl=2
SNRE R ZEEHCAHBE IS SNREIR NS ZIR TR (CREN TIFIEI D

GeV viRIET M &RE [Araya 2014]
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DTFENFIE [Sezer+2019]
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27818 R1-R2(CHEELT
(COfERDINZARE) ARTNVEH
1-500 GeV (SNRi Ezﬁ%%lafé)

=+ HB9 SNR shell [Araya 2014]
HH  HB9 SNR shell (this work)

10‘”}f}§}}

E2dN/dA\erg cm 2s71]

102 | SNR Shell

HB9 SNR Shell (this work)

R1 o Cloud F  R1 (this work)
(near  »w1071} & R2 (this work)

cloud) ¢
o

R2 \ i . |
| (far cIoud)tu

43.0" 10-13
78.0 77.0 76.0 75.0 74.0 73.0 72.0

Declination [deg]

Right ascension [deg] I g:;rgy - 107 1012
AT
[10-10 cm2s-1]
HB9 Shell 24.3 £ 2.1 2.55 £ 0.10 12.8
R1 (near cloud) 2.0 £ 0.8 1.84 +£ 0.18 4.5

R2 (far cloud) 48 +1.2 1.84 + 0.14 6.1
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SNRHSEIFH UTEF BRIz LR TEI IR CHL AU 12T TR
[Gab|C|+2007[ 2009, Ohlra+ 2011] M(tl'-E)_DHm(E)Af (t ‘I‘E)zq (t ‘E) (3)
ot 5 p,out{l, T, p,s(t, T L), (¢

SFASNAFEFEORANNRIRF—(FERGCEREICELITDERTE
- SedovERICHOIERFIC Emax = 3 PeVETIDERIN TUVBEARTE
- IRTEOEMax(FELRIESNTIZARI MLEDHETE EPSC(m:Em( - )’“.

fSodov

SNR->FEDIERE: BIKCOERREVRINSKFH2/R T AibRtZ A
(BRTEITEREDAEEEHDEDD T RIECL TEZD)

17.8pc | 39.4 pc
» iPEk
SNR Yi.BY TN
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e T 3 e, FE7OPC RIXTZ
L0 -1704F _7504F SNROEES
(IR1£66007%)

LAZRES: D(E) = DoES = 3%x1028 (E/10 GeV)¥/3 cm?/s ~ RN
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E2dN/dE [erg cm~2s71]
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ZTD/DINGA—4

- BIFE2BRFEOHRIRIET— Esy = 0.3 x 105! erg [Leahy+2007]
- ISMYIBERE Nism = 0.06 cm?3 [Leahy+2007]

- BFPEFLE = 2%

- YLEUREN: D(E) = DoE® = 3%x1028 (E/10 GeV)/3 cm?/s ~ R5ARATLS
- IRTEDShellTDEax = 300 GeV (SedovZEAREF 3 PeV)
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E2dN/dE [erg cm™2s71]
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[https://www.cta-
observatory.org/science/ctao-performance/]
[arXiv:1905.02773]
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Table 2. Fiducial parameters used to calculate the model spectra

SNR parameters Symbol

SN explosion energy Esn 0.3 x 10°! erg

Initial shock velocity TR 10° cm s™!

Age of the SNR tage 6.6 x 10° yr

Distance to the SNR 0.8 kpc
Acceleration efficiency® 7 0.1 (0.003)

Electron to proton flux ratio’ Kep 0.02 (1)

Maximum CR energy at t = tsedov j D 3 PeV

Current maximum energy of CRs Ernow 300 GeV

Magnetic field in the SNR Bsnr 8 uG

Particle index in the SNR PSNR 2.0

Particle index after escaping from SNR Penc 24

ISM parameters Symbol

Number density nisMm 0.06 cm 2

Diffusion coefficient at E = 10 GeV Dy 3x10%® cm? s7!

Index of dependence on F of diffusion ) 1/3

Magnetic field in ISM Bism 3 uG

Molecular cloud (MC) parameters Symbol R1 R2
Distance to the MC from SNR dq 17.8 pc 394 pc
Radius of the MC R 3.6 pc 7.0 pc
Average hydrogen number density’ nH 150 (1000) em™ 200 (1000) cm—*
Mass of the MC' M 730 (4800) Mz 7100 (36000) Mg
Reflected SNR age tres —1.7 % 10% yr —7.5x10% yr
Magnetic field in MC Bnic 3 uG
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| eptonic-dominated model
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PSF (CTA) = 0.05 deg, LHAASO = 0.3 degl5tU. [EA0~0.36EEHRE
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